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Abstract 
The chloride conductance of conditionally immortalized mesangial cells isolated from the H-2Kb-tsA58 transgenic mouse was studied 
in cells grown in permissive and non-permissive culture conditions. No differences were found in the magnitude of the chloride 
conductance in 140 mM tetramethyl ammonium chloride between cells grown in permissive and non-permissive culture conditions 
(1.08+0.05 nS and 1.02-:0.05 nS). Selectivity sequences were defined as 1.81-> 1.2Br-> ICI- and 1.3I-> l . lBr-> ICI- 
respectively and both the anion channel inhibitors niflumic acid and ochratoxin A inibited the chloride conductance in a dose-dependent 
manner. The chloride conductance was made up from calcium-dependent a d calcium-independent components and in the presence of 1 
/xM free calcium in the pipette this could be increased by the presence of 100 U ml-l insulin added to the incubation medium. This 
appeared to increase the sensitivity of the conductance to levels of intracellular calcium as no differences were observed in the presence 
of either 1 mM or 100 nM pipette calcium. These data indicate that there is a significant chloride conductance in mesangial cells from the 
H-2Kb-tsA58 transgenic mouse and minimal changes are observed with changes from permissive to non-permissive culture conditions. 
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I. Introduction 
Mesangial cells are 63und in the glomerulus of the 
kidney and have long cytoplasmic projections which are 
anchored to the glomerular basement membrane on oppos- 
ing mesangial angles. They respond to a variety of hor- 
mones and growth factors and application of angiotensin 
II, vasopressin or the endothelins causes contraction of 
cultured rat mesangial cells [1,2]. It is these facts, coupled 
with the acknowledged ability of the same hormones to 
reduce the ultrafiltration coefficient of the kidney [3] that 
suggest, not only do mesangial cells play an important 
structural role in the glomerulus [4], but also an integral 
role in regulation of glomerular filtration [5]. 
In vitro, contraction, stimulated by angiotensin II or 
vasopressin, is preceded by cell depolarization. This is 
brought about by an outward movement of chloride ions 
that is initiated by a rise in intracellular calcium concentra- 
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tions [6,7]. Cell-attached and inside-out patch recordings 
have revealed the presence of a 4 pS Ca2+-activated 
chloride channel that can be activated by angiotensin II [8] 
and there is further evidence for chloride conductances that 
can be activated by protein kinase C and a G protein [9]. 
In culture, rat mesangial cells undergo a marked dedif- 
ferentiation with increasing passage. This can be seen by 
their inability to contract [10], loss of receptors for an- 
giotensin II [11] and the development of stress fibres [11]. 
On account of this we have used mesangial cells from the 
H-2Kh-tsA58 transgenic mouse. This mouse contains a 
construct of the widely active, T-interferon inducible H- 
2K h mouse major histocompatibility complex promoter 
sequence and a temperature-sensitive mutant of the immor- 
talizing oncogene, the simian virus 40 large tumour anti- 
gen [12]. When cultured at 33°C (the permissive tempera- 
ture for the tsA58) and in the presence of ",/-interferon 
(IFN + ) cells isolated from this mouse are proliferative. 
However, at non-permissive temperatures (37°C) and in 
the absence of ",/-interferon ( I FN- )  cells cease dividing 
[13]. Consequently cell isolation procedures enable the 
derivation of conditionally immortal cell lines. This has 
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previously been demonstrated for the small intestine and 
colon [14] and renal mesenchyme cells [15]. Using this 
preparation it is hoped to bypass the dedifferentiation of
rat mesangial cells in culture and to provide a model for 
mesangial cell function. In this study we set out to investi- 
gate and characterize the nature of the chloride conduc- 
tance in mesangial cells from the H-2KJ'-tsA58 transgenic 
mouse in cells grown in both permissive (IFN +,  33°C) 
and non-permissive (IFN - ,  37°C) culture conditions. 
allowed for potential changes in phenotype. All cells used 
were between passages 8-15 and were pretreated with 0.5 
g I ~ trypsin (Lorne Biochemicals, Reading, UK) in a 
solution of 135 mM NaC1 and 0.6 mM EDTA (ethylene- 
diaminetetraacetic acid) for 30-120 s. In order to achieve 
giga-ohm seals in cells kept in I FN-  conditions the cells 
were also pretreated with 1.0 g 1-~ Type I A collagenase 
(Sigma, Poole, UK). 
2.1. Electrophysiology 
2. Materials and methods 
Mesangial cells were obtained from the kidneys of 
6-week-old H-2Kh-tsA58 transgenic mice. Mice were sac- 
rificed by cervical dislocation and following removal of 
the capsule from excised kidneys, thin cortical slices were 
obtained with a Stadie-Riggs microtome. The slices were 
diced and disaggregated by gentle stirring in 0.75 mg ml 
Type IV collagenase (Worthington Biochemicals). Large 
tissue debris was removed with a coarse sieve and tubular 
fragments removed by centrifugation in a 50% isotonic 
Percol density gradient (26000 × g for 30 min in a Beck- 
man ti60 rotor). Glomeruli and fragments of the distal 
tubule were found in the low density fraction and these 
were separated by a successive seiving through 200 and 
300 mesh stainless steel selves. Isolated glomeruli were 
maintained in permissive culture conditions for two weeks 
(40 U m1-1 murine y-interferon, 33°C) in Dulbecco's 
Modified Eagle's Medium (DMEM), supplemented with 
fetal calf serum (5% by volume), L-glutamine (4 raM), 
penicillin (10 U ml ~), streptomycin (10 U m1-1) and 
amphotericin (500 ng ml-J). During this period extensive 
cellular outgrowth was observed which elsewhere has been 
shown to be the result of mesangial cell proliferation 
[16,17]. 
Following trypsinization, isolated mesangial cells were 
cultured in permissive and non-permissive culture condi- 
tions. All cells were grown in DMEM, supplemented with 
10% foetal calf serum (Gibco BRL, Paisley, Scotland, UK) 
and 100U ml-~ penicillin and streptomycin i a humidi- 
fied atmosphere. In permissive conditions the medium was 
further supplemented with 50 U ml t of recombinant 
mouse y-interferon (Genzyme, Cambridge, MA, USA) and 
cells were kept at 33°C in an atmosphere of 7% CO 2. Cells 
were split weekly and fed twice weekly. Transferral of 
cells from permissive to non-permissive conditions was 
achieved by exchanging the medium for y-interferon-free 
DMEM and culturing the cells at 37°C in an atmosphere 
containing 5% CO,. Cells were maintained in I FN-  
conditions for at least 48 h before use to allow any 
phenotypic change associated with inactivation of the tsA58 
oncogene. Experiments were performed on cells grown in 
permissive conditions between 24 h and 7 days following 
splitting and on cells kept in non-permissive conditions for 
up to 5 days following the elapse of the minimum 48 h 
Whole-cell recordings were obtained according to the 
technique of Hamill et al. [18]. Cells were viewed at 
400 × magnification with a Nikon TMS microscope sup- 
ported on an air table (Wentworth Engineering, Sandy, 
Beds., UK.). Pipette electrodes were pulled from illa- 
mented, borosilicate glass (GCI20-TFI0, Clark Elec- 
tromedical Instruments, Reading, UK) on a Narishige PB-7 
two-stage lectrode puller (Narishige, Tokyo, Japan) and 
were fire-polished. Pipettes were positioned onto the cell- 
surface using a Narishige MNI53 coarse 3-dimensional 
manipulator and a MOI03 hydraulic micromanipulator. 
Filled pipettes had resistances of between 4-8 M g2 and all 
seal resistances were greater than 1 GO with cell access 
resistances of less than 10 M/2. Experiments were per- 
formed at room temperature (21-24°C). 
2.2. Data acquisition 
Whole-cell currents were obtained using a List EPC-7 
(List Electronics, Darmstadt, Germany). The voltage clamp 
protocols, data acquisition and analysis was performed 
using pCLAMP Version 5 software (Axon Instruments, 
California, USA) installed on an Elonex PC 333 micro- 
computer equipped with a Tecmar Labmaster A /D  D/A  
board. Whole-cell conductances were determined as the 
gradient of the current/voltage r lationship at 0 mV in 
symmetrical solutions. 
2.3. Solutions 
All experiments were performed in solutions buffered to 
pH 7.4 with 10 mM Na+-Hepes. Initial experiments were 
performed in symmetrical 140 mM potassium chloride 
containing 1 mM EGTA, 2 mM free MgCI 2 and 1 /~M 
free Ca 2+. The free Mg 2+ Ca 2+ concentrations were deter- 
mined using the method of Fabiato and Fabiato [19]. To 
isolate the chloride conductance, KCI was replaced with 
140 mM tetramethylammonium chloride (TMACI). This 
was itself substituted with 140 mM n-methyl-D-glucamine 
chloride (NMDGC1) to confirm the magnitude of the 
whole-cell chloride conductance. Experiments to determine 
whether there were any voltage-activated currents were 
performed in symmetrical 140 mM TMAC1 solutions. Ion 
selectivity experiments were performed in asymmetrical 
solutions. The pipette contained 140 mM TMACI and the 
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bath contained 40 mM TlVIACI and either 100 mM TMA 
iodide or 100 mM TMA bromide. The ion selectivities 
were calculated using the equation 
RT [X] , ,+(Py /Px) ' [Y ] ,  , 
Vre v = - -  " in 
zF [X] i+(Py /Px) ' [Y ] i  
given in Begenisich [20]. 3unction potentials were compen- 
sated for on the patch champ amplifier. Chloride channel 
inhibitors niflumic acid and ochratoxin A (Sigma), [21-23] 
were made up as stock solutions in dimethyl sulphoxide 
(DMSO) and absolute ethanol respectively and were di- 
luted into 140 mM TMAC] as appropriate. Final concentra- 
tions of DMSO or ethanol were less than 0.1%. To deter- 
mine whether the chloride: conductance in these mesangial 
cells had a calcium-dependent component, different solu- 
tions with calcium concentrations from 10 -8 M to 10 3 M 
were used in the pipette At all times the bath solution 
contained 10 -6 M calcium. For the experiments o investi- 
gate the effects of insulin, 100 mU ml -~ insulin (Sigma) 
was added to the incubation media 24, 72, or 120 h prior 
to the experiment. Chemicals were of analytical grade 
from Fisons (Loughborough, UK) except tetramethylam- 
monium salts which were from Fluka Chemicals (Gil- 
iingham, Dorset, UK). 
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Table I 
Mean values of the whole-cell conductance 
Solutions/ 33°C, IFN + 37°C, I FN-  
culture conditions 
KC1/KCI 1.76+0.14 nS (n = 15) 1.29+0.07 nS 01 = 12) 
TMAC1/TMACI 1.08+0.05 nS (n = 63) 1.02+0.05 nS (n = 71) 
NMDGCI/NMDGC1 0.97-t-0.16 nS (n = 6) 1.07+0.12 nS (n = 12) 
Whole-cell conductances measured in mesangial cells from the H-2K j'- 
tsA58 transgenic mouse in symmetrical potassium chloride, tetrameth- 
ylammonium chloride and n-methyl-~glucamine chloride solutions. Con- 
ductances were measured at 0 mV from current/voltage r cordings in 
symmetrical solutions of tetramethyl ammonium chloride and the number 
of experiments i  given in parentheses. 
Data is presented as the mean ___ standard error of the 
mean with the number of experiments in parentheses. 
Statistics were performed using Student's t-test for paired 
and unpaired ata as appropriate. Statistical analysis of the 
selectivity of the conductances was made using a two-way 
analysis of variance test. In this, the reversal potentials, 
recorded in asymmetrical solutions of TMACI/TMAI and 
TMACI/TMABr, from each separate cell grown in per- 
missive culture conditions, were compared with those 
recorded in similar solutions, from each separate cell main- 
tained in non-permissive culture conditions. An excess 
sum of the squares method was used for comparison of 
IC50 values [24]. The log dose/response relationships 
were fitted to the equation 
t -b  
Y=b+ 1 + 10 (LOxEcs°-x) 
where b is the minimum response, t is the maximum 
response, X is the log of drug concentration and Y is the 
response, using the Graph Pad Prism software. 
3. Results 
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Fig. 1. Typical current/voltage r lationships for mesangial cells from the 
H-2Kh- tsA58 transgenic mouse grown in permissive (a) and non-permis- 
sive (b) culture conditons. Filled squares refer to measurements made in 
symmetrical potassium chloride solutions, open circles to measurements 
made in symmetrical tetramethyl ammonium chloride and crosses to 
measurements made in symmetrical n-methyl o-glucamine chloride. Each 
recording is taken from one typical cell. 
Measurements of whole-cell conductance were obtained 
from 178 different patches in symmetrical KCI, TMAC1 
and NMDGCI solutions for cells grown in permissive and 
non-permissive culture conditions. Current/voltage rela- 
tionships for cells grown in permissive and non-permissive 
culture conditions are shown in Fig. ia and b and in Table 
1. 
These experiments show that the whole cell conduc- 
tance in KC1 is significantly greater in cells grown in 
permissive culture conditions than in cells grown in non- 
permissive conditions (P  < 0.01). When the conductance 
in symmetrical TMAC! is compared with the conductance 
in KCI for both permissive and non-permissive cells, a 
significant reduction is observed. However, there is no 
significant difference in the whole-cell chloride conduc- 
tance (in TMAC1) between permissive and non-permissive 
cells. Further cation substitution with NMDG confirmed 
these observations. This implies that the differences in the 
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Fig. 2. Traces showing the mean current recorded from 6 cells grown in 
permissive culture conditions. Cells were held at -100  mV and two 
voltage steps to either +50 mV or -80  mV were applied. 
conductances in KCI can be attributed to differences in the 
potassium conductance. No difference was found in the 
size of the suface areas of the cells. These were estimated 
to be 22.7/xm 2and 24.3 /xm 2 when the cells were grown 
in permissive and non-permissive culture conditions re- 
spectively. We have performed experiments on cells with 
increasing passage number, from 8-15 and have found that 
there is no detectable change in chloride conductance in
TMACI for either permissive or non-permissive c lls with 
increasing passage number, (data not shown). 
3.1. Voltage-sensitivity of the chloride conductance 
The current/voltage r lationships in Fig. 1 show that 
the current outwardly rectifies in cells grown in both 
permissive and non-permissive culture conditions. For the 
experiments performed in tetramethyl ammonium chloride, 
the conductances at +75 mV and -75  mV are 1.16 nS 
and 0.63 nS respectively for cells grown in permissive 
conditions and 1.04 nS and 1.50 nS respectively for cells 
grown in non-permissive conditions. Experiments were 
performed to test whether the cells possessed any voltage- 
activated currents. Cells were held at - 100 mV and given 
a test pulse to + 50 mV followed by a second pulse from 
-100  mV to -80  mV. In this second pulse it was 
assumed that no voltage-activated currents would be acti- 
vated. Consequently any residual current following the 
subtraction of a factor of 7.5 times of the current recorded 
in the second pulse from the current from the 150 mV step 
pulse will indicate the presence of voltage-activated chan- 
nels. Data from cells grown in permissive conditions are 
given in Fig. 2 and gives no indication of the presence of 
any voltage-activated currents. Similar recordings were 
obtained from cells grown in non-permissive culture condi- 
tions and no voltage-activated currents could be detected. 
3.2. Selectivity of the chloride conductance 
To study the anion selectivity of the chloride conduc- 
tance, the bath solution was replaced with one containing 
100 mM of either TMABr or TMAI and 40 mM TMACI. 
For both permissive and non-permissive c lls, I /V  rela- 
tionships were determined and reversal potentials mea- 
sured. For Br- and I respectively these were +8 _+ 4 
mV and + 25 _+ 2 mV (n = 6) for cells grown in permis- 
sive culture conditions and +6 + 3 mV and + 12 __ 4 mV 
for cells grown in non-permissive culture conditions. Us- 
ing the equation given in Section 2, selectivities were 
found to be 1.8I-> 1.2Br->IC1 and 1.3I-> l.lBr > 
ICI- for cells grown in permissive and non-permissive 
culture conditions respectively and these are significantly 
different. 
4. Effects of the chloride channel blockers niflumic acid 
and ochratoxin A 
Application of niflumic acid or ochratoxin A to the 
extemal surface of the cells inhibited the whole-cell chlo- 
ride conductance in a dose-dependent manner. Original 
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Fig. 3. Original current traces from cells grown in permissive conditions 
showing (a) control recordings (n=6) ,  (b) the effects of 100 /zM 
niflumic acid (n = 6) and (c) the effects of 1 /xM ochratoxin A (n = 7). 
Cells were held at 0 mV and step pulses were applied from - 100 mV to 
+ 100 mV at 25-mV intervals. 
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Fig. 4. The effects of niflumic acid (a) and ochratoxin A (b) on the 
chloride conductance in mesangial cells from the H-2Kb-tsA58 trans- 
genic mouse. Filled squares refer to cells grown in permissive culture 
conditions and the open square:~ to cells grown in non-permissive condi- 
tions. For niflumic acid the IC5o values are 8.3X 10 7 and 6.7X 10 -7 
respectively and for ochratoxin A the IC50 values are 1.5x 10 -8 and 
3.7X 10 9 respectively. Each point is the mean from 6 different cells. 
recordings howing controls, the effects of 100 FM niflu- 
mic acid and the effects of 1 tzM ochratoxin A from cells 
grown in permissive culture conditions are shown in Fig. 3 
(similar recordings from cells grown in non-permissive 
conditions not shown) alad log dose/response curves for 
niflumic acid and ochratoxin A are shown in Fig. 4a and b. 
IC50 values for these effects are given in Table 2. There 
was no significant diffen~nce in the ICs0 values for niflu- 
mic acid for cells grown in permissive and non-permissive 
culture conditions but a significant difference was ob- 
served between the IC50 values for ochratoxin A in per- 
missive and non-permissive cells. Both inhibitors had 
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Fig. 5. The effects of intracellular calcium on chloride conductance in
mesangial cells from the H-2Kh-tsA58 transgenic mouse. Filled squares 
refer to cells grown in permissive culture conditions and the open squares 
to cells grown in non-permissive conditions. The ECs0 values are 8.7 X 
10 -7 M and 5.4x 10 -7 M respectively and each point is the mean from 
6 different cells. 
quantitatively the same effect on whole-cell conductance 
in KCI as in TMACI (data not shown for experiments in
symmetrical KCI solutions) and were reversible following 
washout of the drug from the bath solution. Neither in- 
hibitor showed any voltage-dependence and application of 
niflumic acid or ochratoxin A to the intracellular surface of 
the membrane by diffusion from the pipette solution [18] 
had no effect on the conductance in these cells (Table 2). 
4.1. Calcium sensitic'ity of the chloride conductance 
To investigate whether there was a calcium-sensitive 
component to the whole-cell chloride conductance pipette 
calcium concentrations were altered. The effects of these 
changes on the conductance are shown in Fig. 5. This 
shows that there is both a Ca2+-sensitive and a Ca2+-inde- 
pendent component to the chloride conductance. The mag- 
nitude of the Ca2+-independent component is 0.72 + 0.03 
nS (n = 19) and 0.69 + 0.06 nS (n = 12) for cells grown 
in permissive and non-permissive culture conditions re- 
spectively and these are not significantly different from 
each other. The conductances in the presence of 10 -4 M 
pipette Ca 2+ are 1.35 + 0.15 nS and 1.25 + 0.12 nS for 
cells grown in permissive and non-permissive conditions 
respectively. These too are not significantly different from 
Table 2 
Whole-cell conductances in the presence of maximal doses of niflumic acid or ochratoxin A, the ICs0 for each inhibitor and the conductance following 
washout of the drug 
33°C, IFN + 37°C, IFN - 
gTMAC1 (nS) IC50 (M) After washout (nS) gTMACI (nS) ICs0 (M) After washout (nS) 
10 -4 M Niflumic acid (external) 
10- 6 M Ochratoxin (external) 
10 - 4 M Niflumic acid (internali~ 
10- 6 M Ochratoxin (internal) 
0 .47+0.17(n=7)  8.3× 10 -7 1 .15_0 .18(n=4)  0.505:0.05(n=6) 6.7× 10 -7 
0.47___0.14(n=7) 1.5× 10 -8 0 .99+0.12(n=5)  0 .45+0.13(n=5)  3.7× 10 -9 
1.01 5:0.08 (n = 6) 1.01 5:0.10 (n = 6) 
1.13 :I: 0.08 (n = 6) 0.98 5:0.09 (n = 6) 
1.18 5:0.16 (n =4)  
1.03 5:0.08 (n = 3) 
Data were obtained as indicated in Table I and all conductances are given in nS and the number of experiments is given in parentheses. 
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each other, which suggests that there is no difference in the 
magnitude of the Ca2÷-sensitive component. The ECs0 for 
Ca 2+ in the calcium-sensitive component is 8.7 X 10 -7 M 
in cells grown in permissive culture conditions and 5.4 × 
10 -7 M for cells grown in non-permissive culture condi- 
tions. These values are not significantly different from 
each other (P  = 0.6). 
5. Effects of insulin on the chloride conductance 
The effects of 100 U ml-~ insulin (added as a single 
dose to the incubation medium 24 h before the experi- 
ments were performed) on the whole-cell conductance in
tetramethylammonium chloride with different pipette Ca-' ÷ 
concentrations are shown in Fig. 6. Insulin increased the 
whole-cell conductance in cells grown in permissive and 
non-permissive conditions when pipette calcium concentra- 
tion was 10 -6 M, but not in the presence of 10 -3 or  10 -8 
M pipette Ca 2+ concentrations. This is consistent with an 
increased sensitivity of the calcium-dependent chloride 
conductance to Ca 2+ in these cells. The effects of insulin 
were time-dependent, decaying with time after application 
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Fig. 6. The effects of 100 U ml-i insulin on the chloride conductance of
mesangial cells from the H-2KI'-tsA58 transgenic mouse in the presence 
of different pipette calcium concentrations. Clear bars refer to the conduc- 
tance in the absence of insulin and filled bars to the conductance in the 
presence of insulin. * indicates that there is a significant increase in 
conductance ompared to the control (P < 0.05). 
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Fig. 7. The effects of a single dose of 100 U ml-i insulin on the chloride 
conductance in mesangial cells from the H-2Kh-tsA58 transgenic mouse 
grown in permissive (a) and non-permissive (b) culture conditions. In- 
sulin causes an significant increase in conductance ( *) 24 h after addition 
and which is lost after 72 h (P < 0.05). 
as shown in Fig. 7 when pipette Ca -'÷ was maintained at 1 
/xM. 
6. Discussion 
This study shows that there is a significant potassium 
and chloride permeability to mesangial cells from the 
H-2Kb-tsA58 transgenic mouse. It partially characterizes 
the chloride conductance, which is important in bringing 
about depolarization prior to cell contraction [6] with 
respect o the ion selectivity and the intracellular calcium 
sensitivity. It also shows that the chloride conductance can 
be inhibited by two chloride channel inhibitors, niflumic 
acid and ochratoxin A, and that the Ca2+-sensitivity of the 
Ca2÷-dependent component of the conductance is in- 
creased when insulin is added to the culture medium. 
The magnitude of the chloride and potassium conduc- 
tances are approximately one-fifth of the those observed in 
rat mesangial cells [25]. In both species the chloride con- 
ductance makes up the greatest component of the whole-cell 
conductance in potassium chloride, which gives some indi- 
cation of its importance to the cell. Anion channels how a 
wide variation in selectivity [26] and the chloride conduc- 
tance in mesangial cells from the H-2Kb-tsA58 transgenic 
mouse shows a selectivity sequence where I ->  Br -> C1- 
in cells from both sets of culture conditions. This is 
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consistent with a number of specific chloride channels, 
such as the low conductance (1-2 pS) Ca2+-dependent 
current of rat lacrimal glands [27], the outwardly rectifying 
channel from the apical membrane of cultured CFPAC-1 
cells expressed in liposomes [28] and the 28 pS anion 
channel found in T84 cells [29]. However, it is unlikely 
that the cystic fibrosis transmembrane conductance r gula- 
tor (CFTR) has a dominant role in the chloride conduc- 
tance in these cells as this has a different anion selectivity 
[30]. The results presented here show that there is a 
difference in the magnitude of the selectivity between cells 
grown in permissive and non-permissive culture conditions 
and this may reflect a modification of channel expression 
associated with activation or inactivation of the tsA58 
mutant SV40 oncogene. 
The chloride conductance can be inhibited by two chlo- 
ride channel blockers, niflumic acid and ochratoxin A. 
Niflumic acid has been shown to inhibit chloride conduc- 
tances in a variety of tissues including mouse pituitary 
cells [21], the amphibian renal A6 cell line [31] and in rat 
mesangial cells [25]. Niflumic acid appears to be specific 
for Ca2+-dependent chloride currents, and has also been 
shown to block Ca2+-activated C1- channels in Xenopus  
oocytes. [32] This study shows that there is no difference 
between the Ca2+-sensitive components of the chloride 
conductance and the absence of any difference in the 
effects of niflumic acid between cells grown in permissive 
and non-permissive conditions indirectly support this. 
Ochratoxin A is a naturally occurring nephrogenic myco- 
toxin that has been implicated in Balkan Endemic 
Nephropathy [33]. In recent work it has been shown that it 
inhibits the anion conductance of Madin-Darby canine 
kidney cells, a renal epithelial cell line and is about 20 
times more effective than 5-nitro-2-(3-phenylpropyl-amino) 
benzoic acid (NPPB), the most potent synthetic anion 
conductance blocker [231]. In MDCK cells it also causes 
cell alkalinization brought about by increased turnover of 
the CI - /HCO 3 exchanger following a increased intra- 
cellular chloride concentrations [34]. Furthermore, in rat 
renal cortex endoplasmic reticulum microsomes ochratoxin 
A has been shown to increase the activity of the Ca 2÷- 
ATPase [35]. 
In our experiments here was no difference in the whole 
cell conductance in the presence of maximum concentra- 
tions of inhibitor in cells from permissive and non-permis- 
sive culture conditions. However, there was a difference in 
the IC5o for ochratoxin A, one not seen with niflumic acid. 
This may reflect a difference in the selectivity of ochra- 
toxin A for some chloride channels over others which is 
lost for the less potent rfiflumic acid. These data support 
the selectivity data, suggesting that channel expression 
changes for cells grown in permissive and non-permissive 
culture conditions and consequently supports the hypothe- 
sis that there is a change associated with activation or 
inactivation of the tsA58. 
Despite these differences cells grown in both culture 
conditions have equivalent Ca2+-independent and Ca 2+- 
sensitive chloride conductances with no significant differ- 
ences in either the absolute magnitude of each of the two 
component conductances or in the ECso for Ca 2+. Primar- 
ily it is the Ca2+-activated component that is important for 
cell depolarization and, while the selectivity and ochra- 
toxin A sensitivity are useful for characterization f the 
conductance in the cells grown in permissive and non-per- 
missive conditions, these differences may not be physio- 
logically relevant. 
In rat mesangial cells Ling et al. [8] found in cell-at- 
tached patches that insulin increased the number of Ca"--- 
dependent chloride channels from 4 to 12%. This study 
supports these data for cells grown in both permissive and 
non-permissive culture conditions. This study suggests that 
insulin increases the sensitivity of the CaZ+-dependent 
component of the chloride conductance rather than increas- 
ing the number of channels per se because there is no 
difference in the absolute magnitude of the conductance. 
Ling et al. state that the effects of insulin on the probabil- 
ity of finding the Ca2+-activated channel in a patch can be 
seen after a 20-min incubation. The tyrosine kinase activity 
of the stimulated insulin receptor [36] causes phosphoryla- 
tion of a number of different enzymes [37] and this may 
provide a mechanism by which channel sensitivity to Ca 2+ 
ions may be regulated. Indeed it has been established that 
tyrosine kinases and tyrosine phosphatases can determine 
channel gating and the response of the channel to protein 
kinase A for a voltage-gated cation channel in Aplys ia  bag 
cell neurons [38]. This may have a physiological effect in 
diabetes where plasma insulin levels are reduced and there 
is a characteristic increased urine production [39]. Low 
plasma insulin levels may decrease the activity of the 
Ca2+-activated chloride channels in mesangial cells, conse- 
quently diminishing the control of glomerular filtration and 
adding to the effect of glucose as an osmotic diuretic on 
urine production. 
This study also shows that there is a difference in the 
potassium conductance between the cells grown in permis- 
sive and non-permissive conditions. A much higher con- 
ductance is seen in cells grown in permissive conditions, 
an observation that is repeated in whole-cell conductance 
measurements in symmetrical potassium gluconate solu- 
tions (R.D. Barber and R.M. Henderson, unpublished ob- 
servations). This increased conductance may be associated 
with the acknowledged role for potassium in mitosis [40,41] 
and, despite the minimal differences in the chloride con- 
ductance, suggests that the tsA58 oncogene is active in 
these cells. Mesangial cells show rapid proliferative char- 
acteristics only in pathological conditions [42], whereas 
healthy cells have a relatively low turnover. It is possible 
that the two different growth rates of the cells may reflect 
models for mesangial cells in pathological and healthy 
conditions for permissive and non-permissive culture con- 
ditions respectively. However, the chloride conductances 
in cells grown in permissive and non-permissive culture 
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conditions can be thought to be essentially similar with 
respect to the magnitude and Ca 2÷ sensitivity and, there- 
fore, pathogenesis of  mesangial cells is probably not a 
reflection of changes in the chloride conductance. 
This study has shown that chloride makes up a large 
part of the whole-cel l  conductance of  mesangial cells from 
the H-2Kh- tsA58 transgenic mouse. This chloride conduc- 
tance is selective for iodide over bromide over chloride 
and can be inhibited by two chloride channel inhibitors, 
nif lumic acid and ochratoxin A. It shows that there are 
differences in the magnitude of the selectivity and in the 
IC50 for ochratoxin A. There are at least two components 
to the chloride conductance in mesangial cells from the 
H-2Kh- tsA58 transgenic mouse: a Ca2+-independent and a 
Ca2+-sensitive component. However,  a residual conduc- 
tance in the presence of both nif lumic acid, which has been 
shown to inhibit Ca2+-activated chloride channels [32], and 
ochratoxin A, which has no reported Ca2+-sensitivity, 
points to the existence of a third component to the chloride 
conductance. Furthermore, differences in the selectivity of  
the conductances, and in the ICs0s for ochratoxin A, 
support, rather than detract, from this conclusion. The 
Ca2÷-sensitivity of the Ca2+-sensitive component is regu- 
lated by insulin and this may be important in diabetic 
pathogenesis. However,  we suggest that the uncontrolled 
proliferation of mesangial cells in glomerular nephropathy 
is probably not associated with changes in the chloride 
conductance. 
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